Introduction: The present study was designed to investigate the in vitro antioxidant and macromolecule damage protective effects of Asparagus racemosus water (AWE) and methanolic (AME) fractions of roots. Methods: The in vitro antioxidant activity of AWE/AME was estimated by free radical scavenging assays. The DNA damage of HT29 and C2C12 cells was analyzed by comet assay. The plasmid DNA damage and protein oxidation were carried out by agarose gel electrophoresis and SDS-PAGE analysis respectively, where as lipid peroxidation was performed by TBARS assay. Results: Both the extracts showed scavenging activity with IC 50 values of 417.4 ± 19.5 / 298 ± 13.5, 381 ± 18.2 / 235 ± 11.9, 54.8 ± 2.95 / 31.6 ± 1.52, 28.9 ± 1.73 / 19.7 ± 1.55 µg/mL for DPPH, metal chelating, ABTS and Nitric oxide scavenging activities respectively. Similarly the methanolic extract showed more potent reducing power and total antioxidant activities over water fraction. The AME showed 56.8% and 41.2% protection against H 2 O 2 (Hydrogen peroxide) induced DNA damage of HT29 human colon cells and C2C12 murine myoblasts. The extract also showed protection against H 2 O 2 induced plasmid DNA damge, AAPH induced protein oxidation of bovine serum albumin (BSA) and lipid peroxidation of rat hepatic tissue. Conclusion: Over all this study showed remarkable antioxidant and macromolecule damage protective effects of A.racemosus. The observed biological properties may be attributed to the high content phenols and flavonoids in the methanolic extract A. racemosus over water extract.
INTRODUCTION
The imbalance between oxidants and antioxidants leading to damage of the tissues is known as oxidative stress. The reactive species such as superoxide (O 2 -), hydrogen peroxide (H 2 O 2 ), hydroxyl radical (OH), nitrogen oxide (NO · ), peroxynitrite (ONOO -) and hypochlorous acid (HClO) are all the common products of regular metabolism. However under stress conditions the excessive production of these reactive species exerts harmful effects. On the other hand the antioxidants are known to terminate chain reactions initiated by free radicals. 1 Asparagus racemosus known as shatavari belongs to family Liliaceae and is a climbing plant which grows across India. The metabolites of the herb are racemosol, isoflavones, sarsasapogenin glycoside, steroidal sapogenins, ecdysteroids, asparinins, asparosides, curillins, curillosides, shavatarins, fructo-oligosaccharides and fatty acids. [2] [3] [4] [5] In the traditional system of medicine the herb is used as demulscent, diuretic, aphrodisiac and galactogogue. 6 A. racemosus is also used to prevent ageing, to increase longevity, to improve mental function and to boost immunity. 7, 8 Further reports indicate the pharmacological activities of A. racemosus root that include antiulcer and antidiabetic activities. 9, 10 In the present investigation we aimed to study the free radical induced in vitro antioxidant scavenging activity and macromolecule damage protective effects of A. racemosus aqueous and methanolic extract against H 2 O 2 induced DNA damage of human colon and mice muscle cells, AAPH induced protein and hepatic tissue damage.
MATERIALS AND METHODS

Chemicals and reagents
Hydrogenperoxide was procured from Merck (Bangalore, India), gallic acid, catechin, AAPH, BSA, DMEM, fetal bovine serum, penicillin, streptomycin solution from Sigma (Bangalore, India), horse serum from Hyclone (Bangalore, India), whereas other chemicals used were of analytical grade and procured from Hi-Media (Bangalore, India).
Preparation of methanolic extract
The methanolic extract of Asparagus racemosus (AME) was prepared as described earlier. 11 Briefly the roots were washed, cut into small pieces, shade dried and powdered. The powdered material was extracted using methanol and concentrated under reduced pressure using rotary flash evaporator (Rotavac, Schwabach, Germany). Whereas the aqueous extract (AWE) was prepared by maceration of A. racemosus root powder with water, followed by filtration and lyophilization (Lyolab, Hyderabad, India).
Estimation of total polyphenol content
Total polyphenol content was determined using FolinCiocalteu reagents where as gallic acid was used as a standard. Gallic acid 20-100 µg was added to the test tubes and the volume was made up to 3 mL using distilled water. A. racemosus extracts (1 mg/mL) were taken in the range of 100-1000 µg, and the volume was made up to 3 mL using distilled water and 0.5 mL of Folin-Ciocalteu reagent was added to all the tubes followed by incubation for 6 mins. To this mixture 2 mL of 7% sodium carbonate was added and the absorbance was measured at 650 nm using a spectrophotometer (Shimadzu, Kyoto, Japan). The results were expressed in terms of μg (gallic acid equivalents) GAE/mg of extract.
Determination of flavonoid content
The plant extracts/catechin as standard (1mg/mL) were added at different concentrations and made to one mL with distilled water. To this 75 µL of 5% NaNO 2 and 150 µL of 10% AlCl 3 were added and incubated for a period of 10 mins. To this mixture 500 µL of 1M NaOH and 775 µL of distill water was added and the reaction was measured at 510 nm against reagent blank. The results were expressed in terms of μg (catechin equivalents) CE/mg of extract.
In vitro antioxidant scavenging activities
Total antioxidant activity
The total antioxidant activity of AWE and AME were evaluated spectrophotometrically. The plant extracts 1 mg/mL or gallic acid as standard (1 mg/mL) were added to the tubes and finally the volume was made to 0.3-mL using distilled water followed by 3 mL of reagent mixture (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The reaction mixture was incubated at 95°C for 90 mins. After cooling to room temperature, the absorbance of each sample was measured at 695 nm against the blank and the results were expressed in terms of μg GAE/mg of extract.
Reducing power
The total reducing power was evaluated by using ascorbic acid as standard (1mg/mL) and plant extracts (1 mg/mL) added in different dilutions to the test tubes and the volume was made up to 1 mL using distilled water. To this 2.5 mL of PBS and 1% potassium ferric cyanide were added and the reaction mixtures were incubate at 50°C for 20 mins. Finally to the tubes 2.5 mL of 10% TCA and 0.1% of 0.5 mL ferric chloride and 2.5 mL of distilled water were added. The absorbance of each sample was measured at 700 nm using a spectrophotometer and the results were expressed in terms of μg (ascorbic acid equivalents) AAE/mg of extract.
DPPH radical Scavenging assay
DPPH (1, 1-Diphenyl-2-picrylhydrazyl) is a stable free radial with violet color and the scavenging of DPPH radicals generate yellow color. Based on this principle herbal extracts/bioactive compound have been checked for their free radical scavenging activity. The water/methanolic extracts and BHA (1 mg/mL) as standard were added and the volume is made up to 3 mL using methanol. To this freshly prepared DPPH solution was added and the tubes were incubated at room temperature for 45 mins. The absorbance was read at 515 nm and the results were expressed in terms of IC 50 values.
Metal chelating activity
The metal chelating activity was determined using ferrozine reagent with EDTA as standard. The extracts (1 mg/mL) and EDTA (0.1 mg/mL) were taken in different concentrations in the test tubes and the volume was made up to 3 mL using distilled water. To this 50 µL of ferric chloride and 2 mL of ferrozine were added and incubated for 10 mins. at room temperature. The absorbance was measured at 562 nm and the results were expressed in terms of IC 50 values.
ABTS radical scavenging activity
The ABTS radical scavenging activity was evaluated using ascorbic acid as standard. Prior to the assay the ABTS reagent was prepared by mixing 7 mM ABTS and 2.45 mM potassium per sulphate and the solution was diluted with ethanol to get a blue-green chromophore with an absorbance of 0.700 ± 0.025 at 734 nm. The extracts (1 mg/mL) were added in different concentrations and the volume was made up to 1 mL using distilled water. To this 1 mL of ABTS reagent was added and the samples were incubated at room temperature for 6 mins. The absorbance of each sample was measured at 734 nm and the results were expressed in terms of IC 50 values.
Nitric oxide scavenging activity
This assay was performed as described by Sreejayan and Rao (1997) . 12 Brifely, sodium nitroprusside (10 mM) in PBS was mixed with different concentrations of extracts/standard and incubated at room temperature for 150 mins. The reaction mixture without the sample/standard served as the control. After incubation, 0.5 mL of Griess reagent [1% sulfanilamide, 2% H 3 PO 4 and 0.1% N-(1-naphthyl) ethylenediamine HCl] was added and the absorbance was recorded at 546 nm. L-ascorbic acid was used as a reference standard and the results were expressed in terms of IC 50 values.
Hydroxyl radical scavenging activity
This assay was performed according to the method of Kunchandy and Rao (1990) . 13 The Fenton reaction was initiated using Fe 3+ -ascorbate-EDTA-H 2 O 2 to generate hydroxyl radicals which degrades DNA deoxyribose. The reaction mixture composed of 2-deoxy-2-ribose (2.8 mM); KH 2 PO 4 -KOH buffer (20 mM, pH 7.4); FeCl 3 (100 μM); EDTA (100 µM); H 2 O 2 (1.0 mM); ascorbic acid (100 µM) and different concentrations of (0-200 µg/mL) of extracts/ standard (ascorbic acid). After incubation for 1 h at 37°C, 0.5 mL of the reaction mixture was added to 1 mL of 2.8% trichloroacetic acid. Finally 1 mL of 1% TBA was added and the mixture was incubated at 90°C for 15 mins. The developed color product was measured at 532 nm and the results were expressed in terms of IC 50 values.
Macromolecule damage protective activity
Plasmid DNA damage nick assay
The protective effect of A. racemosus methanolic extract against H 2 O 2 induced DNA damage was studied using pRSET-A plasmid DNA as described by Russo et al. (2000) . 14 Plasmid DNA (350 ng) in 10 μL of TE buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0), H 2 O 2 was added at a final concentration of 10 mM with or without ARE (2.5, 5 and 10 μg/mL)/gallic acid (5 μg/mL) and incubated for a period of 5 mins at room temperature. Plasmid DNA without any treatment was used as control. After due incubations, the plasmid DNA was electrophoresed on 1% agarose gel. Finally the gel was stained with ethidium bromide and photographed using gel documentation system (Syngene, Cambridge, UK).
Cell culture
HT29 Human colon carcinoma cells and C2C12 murine myoblasts were procured from National Centre for Cell Sciences, Pune, India.
HT29 Human colon carcinoma cells
HT29 cells (4 X 10
5 cells/mL) were grown in 75 cm 2 flasks supplemented with Dulbecco′s modified eagle′s medium (DMEM) and 10% fetal bovine serum, containing, penicillin and streptomycin solution in humidified atmosphere at 37 ºC with 5% CO 2 .
C2C12 murine muscle cells
C2C12 murine muscle cells (4 X 10 5 cells/mL) were grown in 75 cm 2 flasks supplemented with 1:1 mixture of DMEM and 10% fetal bovine serum, containing, penicillin and streptomycin solution in humidified atmosphere at 37 ºC with 5% CO 2 for 5 days. The differentiation of muscle cells to myoblasts was carried out by changing the cells to DMEM with 2 % horse serum.
Single cell gel electrophoresis
Once the confluency reached HT29 and C2C12 cells were collected by trypsinization and washed twice with PBS to remove serum and media. The cells were treated with 200 µM H 2 O 2 with or without pretreatment of A. racemosus (100 µg/assay). The DNA damage and the protective effect of AME were measured by alkaline comet assay as described. 15 The cells were mixed with 100 µL of 0.7% (w/v) low melting agarose (LMA) and pipetted on to the frosted slides pre-coated with 1.0% (w/v) normal melting agarose. After solidification, the slides were covered with another 100 µL of 0.7% (w/v) LMA and immersed in lysis buffer (2.5 M NaCl, 100 mM EDTA, 10 mM Tris-HCl buffer, 0.1% SDS and 1% Triton X-100 and 10% DMSO; pH 10.0) for 90 mins. After lysis the slides were transferred to electrophoresis tank with unwinding buffer (3 M NaOH, 10 mM EDTA; pH 13.0) for DNA unwinding. Later the slides were run with an electric current of 25 V/300 mA for 20 mins. Followed by unwinding the slides were washed twice with neutralizing buffer (0.4 M Tris-HCl; pH 7.5). Finally the DNA in the agarose gels was stained with ethidium bromide (20 µg/mL) and the DNA damage was observed and photographed using fluorescence microscope (Olympus, Japan) equipped with Cool SNAP ® Pro color digital camera. The tail length and per cent inhibition of DNA damage with AME treatment was determined using Image Pro ® plus software.
Protein oxidation
The oxidation of bovine serum albumin (BSA) was carried using AAPH, which is an initiator of peroxyl radicals upon decomposition with water. 16 BSA (5 μg) was dissolved in phosphate buffer (pH 7.3) and incubated for 2 h with or without 40 mM AAPH and in the presence or absence of AME. Finally the protein samples were subjected to SDS-PAGE electrophoresis. The gels were stained with 0.15% coomassie brilliant blue R-250 and the amount of protein damage was quantified by measuring the density of each band using NIH Image J software.
Lipid peroxidation
The lipid peroxidation was spectrophotometrically estimated in terms of thiobarbituric acid reactive substances (TBARS) formed in the liver homogenate treated with AAPH radicals as described by Wright et al. (1981) . 17 Liver tissues were collected from 3-4 months old male Wistar albino rats weighing 120 ± 12.5 g and washed with 0.95% NaCl solution. Liver homogenates were prepared in icecold 3 mM tris buffer containing 250 mM sucrose and 0.1 mM EDTA (pH 7.4). To 0.5 mL of liver homogenates 0-100 μL of AME was added and made up to 1 mL with phosphate buffer (0.1 M, pH 7.4). Lipid peroxidation was initiated by treatment with 1 mL of 200 μM AAPH followed by incubation at 37°C for 2 h and the reaction was terminated by addition of 1.0 mL of TCA (10%, w/v). Finally 1.0 mL of TBA (0.67%, w/v) was added and the tubes were placed in a boiling water bath for 20 mins. Samples were centrifuged at 2,500 g for 10 mins. and the malondialdehyde formed in each sample was assessed by measuring the absorbance at 535 nm against a reagent blank. BHA was used as a standard antioxidant.
RESULTS
Total polyphenolic and flavonoid content
The water and methanolic fractions of A. racemosus showed 146 ± 8.2 and 246 ± 11.8 μg GAE/mg total polyphenols wher as the flavonoid content was found to be 113 ± 6.8 and 154 ± 7.4 μg CE/mg respectively. These results shows that methanolic fraction possess high content of polyphenols and flavonoids over water fraction of A. racemosus (Table 1) .
In vitro antioxidant and free radical scavenging activity
The water and methanolic fractions of A. racemosus were further analysed for their antioxidant activities by an array of in vitro antioxidant assays. Our results demonstrates that AWE/AME exhibits total antioxidant and reducing power activities of 229 ± 12.3/349 ± 17.7 μg GAE/mg and 162 ± 9.3/230 ± 10.3 μg AAE/mg respectively. Whereas the DPPH, metal chelating, ABTS, NO and hydroxyl radical scavenging activities of AWE/AME falls in the range of radical mediated DNA damage. In the presence of 2.5, 5, 10 μg/mL of A. racemosus and 5 μg/mL of gallic acid treatment significant protection to the damage of ScDNA was observed in a dose dependent manner (lanes 3-6).
AME protects H 2 O 2 induced colon and muscle cell damage
Further the DNA damage protective effects of A. racemosus was verified by single cell gel electrophoresis assay against H 2 O 2 induced DNA damage of HT29 human colon and C2C12 murine muscle cells. The DNA damage pattern of HT 29 and C2C12 cells was observed in the form of comets as shown in (Figure 2a and 2b) , which was found to be 85 µm and 72 µm respectively with H 2 O 2 challenge. Whereas pretreatment of HT29 and C2C12 cells showed 56.8% and 41.2% DNA damage inhibitory activity respectively. These observations demonstrates the protective effect of A. racemosus against colon and muscle cell damage.
AME protects AAPH induced protein oxidation
The protective effect of methanolic fraction of A. racemosus was analyzed by BSA induced protein oxidation assay against an azo compound AAPH which generates peroxyl radicals. After the reaction the densitometric pattern analysis of individual protein samples ran by polyacrylamide gel electrophoresis showed that AAPH induces 75% protein oxidation. Whereas the AAPH induced protein oxidation was dose dependently inhibited by pretreatment of BSA with A. racemosus ( Figure 3 ).
Lipid peroxidation inhibitory activity of AME
The lipid peroxidation activity of AWE/AME was found to be IC 50 of 514 ± 23.75/437 ± 22.7 μg/mL respectively, which further confirms that methanolic fraction is a potent lipid peroxidation scavenger compared to that of water fraction of A. racemosus (Table 1) .
DISCUSSION
Herbs have been used in traditional food system due their nutritional and health benefits. Asparagus racemosus is a well known food plant consumed in most parts of the world.
A. racemosus roots, the edible part of the plant are used in salads, vegetable dishes and soups. It has gained a lot of significance in Indian traditional system of medicine.
A. racemosus possess an array of compounds that include polyphenols, flavonoids, oligosaccharides, aminoacids, sulphur containing acids and steroidal saponins. 18 these compounds have been reported as radical scavengers due to their antioxidant activity. 19 Phenolic and flavonoid compounds are reported as antioxidant principles which can alleviate various stress induced disorders such as diabetes, cardiovascular diseases and cancer. 20 It possesses polyphenols such as quercetin-3-glucoronoids, racemosol, 21, 22 and flavonoids such as kaempferol, rutin, hyperoside and isoflavone; 8-methoxy-5, 6, 4-trihydroxy isoflavone-7-0-beta-Dglucopyranoside. 2, 23, 24 Earlier reports demonstrated that these compounds possess anti-inflammatory, antiosteoclastogenic, cytotoxic, immunomodulatory, anticancer and antibacterial activities. [25] [26] [27] Herbal extracts have been used as food additives to add health benefits along with nutritional supplementation, these are called functional foods. Hence there is a growing interest across the globe in the commercialization of health foods. The health benefits of food additives and their phytochemicals has to be investigated to give a clear idea about the functional properties of foods. 28 described the add-on benefits of functional foods against wide range of radical mediated cell damage. The radical scavenging ability of A. racemosus was evaluated by an array of free radical assays such as DPPH, metal chelating, ABTS, NO, hydroxyl radical scavenging activities. These assays are based on the principle of free radical generation.
1, 29 Here we observed that the methanolic fraction of A. racemosus exerts potent radical scavenging over water fraction which is due to its hydrogen ion donation, electron transfer, chain termination and nitrite ions reduction activities. This confer that the recovery and composition of phytochemicals varies based on the polarity of the solvents used for the extraction process. The functional properties of extracted solvents also differ based on the composition of phytochemicals recovered.
The macromolecules such as DNA, proteins and lipids damage have been observed in diabetics, cancer and in ageing. [30] [31] [32] Several chemicals/radicals were used to evaluate their toxicity at cellular level and the protective activity of functional foods against the toxicity was evaluated routinely by comet assay. 33, 34 In our present study the protective effect of A. racemosus against H 2 O 2 challenged DNA in HT29 human colon, C2C12 mice muscle cells and pRSET A plasmid was analyzed by single cell gel electrophoresis assay and agarose gel electrophoresis. The results demonstrate that AME exerts DNA damage protective effects. Similarly A. racemosus also showed protective effects against AAPH induced oxidation of bovine serum albumin protein. The observed results are in accordance with our recent study which shows that Cyperus rotundus exhibits DNA damage and protein oxidation inhibitory activity against H 2 O 2 / AAPH induced oxidation of macromolecules. 35 Malonaldehyde (MDA) is a degradation product that is generated by oxidative degradation of polyunsaturated fatty acids in the cell membranes which is an important cause for cellular damage and cell membrane destruction. 36 Estimation of lipid peroxidation has been used as a marker for the oxidative stress. The reaction of MDA with TBA has been widely adopted as a sensitive assay for the lipid peroxidation. 37 In our present study we found that AME significantly inhibits the peroxidation of lipids. Our observed antilipidperoxidation activity is in line with earlier report which also evaluated the lipid peroxidation inhibitory activity of Withania somnifera root extracts.
38
CONCLUSION
The present study demonstrates that methanolic extract is a potent scavenger of free radicals over water extract of A. racemosus as analyzed by an array of in vitro antioxidant assays. The methanolic fraction showed inhibitory activity against H 2 O 2 induced plasmid DNA damage and AAPH induced protein and lipid peroxidation. Further A. racemosus methanolic extract also inhibited H 2 O 2 induced human colon and murine muscle cell DNA damage as verified by single cell gel electrophoresis assay. Overall our results demonstrate the antioxidant and macromolecule damage protective effects of A. racemosus methanolic extract. However, further phytochemical analysis and in vivo studies are required to identify the specific compounds and to better clarify the biological activity of Asparagus racemosus.
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